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A i i s t k a c t . A v o i d a b l e  losses a n d  e c o n o m i c  i n j u r y  l evels  ( E l L s )  w e r e  c o m p u t e d  fo r  t h e  s o r g h u m  
h e a d  b u g .  Calocoris am justa tus  L e t h . ,  o n  t h r e e  c u i t i v a r s  d u r i n g  t h r e e  r a i n y  s e a s o n s  { 1 9 8 5 - 1 9 8 7 )  a t  
I G R I S A T .  G r a i n  y ie l d  i n  p l o t s  i ) r o t e c t e d  w i t h  2- 5  i n s e c t i c i d e  s p r a y s  ( c a r b a r y l  a t  5 0 0  g  a . i . / h a )  
b e t w e e n  t h e  h a l f - a n t h e ^ i s  a n d  t h e  d o u g h  s t a g e  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  in  u n t r e a t e d  p lo t s ,  
w i t h  co s t  b e n e f i t  r a t i o s  >  1. P l o t s  t h a t  w e r e  n o t  p r o t e c t e d  aL ha l f - a i l  t hes i s  a n d / o r  c o m p l e t e - a n  thes is ,  
a n d  a t  m i l k  a n d  d o u g h  s i a g e s ,  s u f f e r e d  a  s i g n i f i c a n t  loss in  y ie l d .  B u g  d a m a g e  s p o i l e d  t h e  g r a i n  
q u a l i t y  in t e r m s  of g e r m i n a t i o n ,  1 0 0 0 - g r a i n  m a s s ,  g r a i n  h a r d n e s s  a n d  p e r c e n t a g e  f l o a t e r s .  T h r e e  
io  f o u r  s p r a y s  b e t w e e n  c o n i p l e t e - a i u h e s i s  a n d  t h e  d o u g h  s t a g e  p r e v e n t e d  a  s i g n i f i c a n t  r e d u c t i o n  
in  g r a i n  q u a l i t y .  M e a d  b u g  d e n s i t y  a t  h a l l - a i n h e s i s .  e o m p l e t e - a n t h e s i s ,  m i l k  a n d  d o u g h  s t a g e s  w a s  
s i g n i f i c a n t l y  a n d  n e g a t i v e l y  a s s o c i a t e d  w i t h  g r a i n  y ie l d .  B u g  d e n s i t y  a t  d i f f e r e n t  s i a g e s  e x p l a i n e d  
-hi 9 4 %  of t h e  v a r i a n c e  i n  y i e l d .  D i r e c t  e f fec t s  o f  b u g  n u m b e r s  a t  t h e  m i l k  s t a g e  a n d  t h e  i n d i r e c t  
e l i c i  ts of h e a d  b u g  d e n s i t y  a t  o t h e r  s t a g e s  t h r o u g h  t h e  m i l k  s t a g e  c o n t r i b u t e d  t o w a r d s  m a x i m u m  
r e d u c t i o n  in y ie l d .  M a x i m u m  a v o i d a b l e  losses w e r e  r e c o r d e d  i n  c u l t i v a r  I C S V  1 ( 8 8 - 6 % ) ,  f o l l o w e d  
b y  G S I f  1 ( 6 9 - 9 % ) .  a n d  C S I I  5 {:>3-9% i n  lf)H(i a n d  5 5 4 ) %  in  198 7) .  Loss  in  g r a i n  y i e l d / h a  d u e  
to  o n e  i n s e c t / p a n i c l e  a t  h a l l - a n t h e s i s  a n d  t h a t  b a s e d  o n  n a t u r a l  i n c r e a s e , - w e r e  5 4 8  t i n d  2 3 2  k g 
in  C S I I  5 ( h i r i n g  1 986  a n d  1987 ,  r e s p e c t i v e l y .  251 k g  i n  I C . S V  I,  a n d  77 k g  in  C S H  1. E I L s  b a s e d  
o n  a  cost- b e n e f i t  r a t i o  o f  1 :! r a n g e d  f r o m  1-3 1-4 i n s e c t s / p a n i c l e  fo r  C S H  I .  0 -4  fo r  I C S V  1, a n d
O- I - (M) a n d  0 - 2 - 0 - !  fo r  C S H  5 d u r i n g  1 986  a n d  1987 ,  r e s p e c t i v e l y .  S i m p l e  cos t  e s t i m a t e s  for  
i n s e c t i c i d e  s p r a y s  a n d  t h e  r e s u l t a n t  s a v i n g  in  g r a i n  y i e l d  a r e  a  use fu l  too l  f o r  d e c i s i o n - m a k i n g  in  
pes t  m a n a g e m e n t .
Ki.vwokds- S o r g h u m :  h e a d  h u g ;  (.'altHnrts aiu/uUatm: a v o i d a b l e  losses;  e c o n o m i c  i n j u r v  lev e l :  I n d i a
Introduction
S o r g h u m  {Sortjhum bicolor (L . )  M o c n c h . )  is o t i c o f  t h e  
mo s t  i m p o r t a n t  ce re a l  c r o p s  in As ia ,  Af r i ca ,  a n d  
L a t i n  A m e r i c a .  G r a i n  yie lds  o n  p e a s a n t  f a r m s  a r e  
g e n e r a l l y  l ow,  p a r t l y  b e c a u s e  o f  i n sec t  pest s ( S h a r m a ,  
19 85a ) .  N e a r l y  3 2 - 1 %  o f  t he  p r o d u c t i o n  is lost 
b e c a u s e  o f  i nsect  pes t s  (Boracl  a n d  M i t t a l ,  1983) .  
P a n i c l e - f e e d i n g  insec t s  a l o n e  r e su l t  in a n  a n n u a l  loss 
o f  n e a r l v  U S  S 10 0  mi l l i on  in I n d i a  ( L e u s e h n e r  a n d  
S h a r m a '  1983) .
Calocoris antjustalus is o n e  o f  t h e  m o s t  i m p o r t a n t  
pes t s  o f  g r a i n  s o r g h u m  in I n d i a .  A d u l t s  a n d  n y m p h s  
feed on  th e  e n d o s p e r m  o f  t h e  d e v e l o p i n g  g r a i n  f rom 
a n t h e s i s  to t he  h a r d - d o u g h  s t ag e ,  a n d  this  re su l t s  in 
s ev e re  loss in g r a i n  y ie ld  a n d  q u a l i t y  ( S h a r m a ,  
19851)).
A v o i d a b l e  losses a n d  e c o n o m i c  i n j u r y  levels ( E IL s )  
h a v e  b e e n  d e t e r m i n e d  lor  r e l a t i ve ly  few pests,  
a l t h o u g h  these  a r e  c e n t r a l  issues in d e c i s i o n - m a k i n g  
in pes t  m a n a g e m e n t .  T h e  p r o b l e m  lies in a d o p t i n g  
a n  a p p r o p r i a t e  m e t h o d o l o g y  to c o m p u t e  losses, a n d  
t h e  v a r i a t i o n  in t h e  cost  o f  i n p u t s  a n d  t he  a s soc i a t ed  
sa v in g s  in y ie ld  ( P e d ig o ,  H u t c h i n s  a n d  H i g l e y ,  1986).  
I n  s o r g h u m .  E I L s  h a v e  b e e n  r e p o r t e d  for  sh oo t  
fly. m i d g e ,  a r m y w o r m ,  a n d  s o m e  co r e i d  a n d  p e n t a -
U2li!-2l'H/f4!)/(lfi/(M2l>-()7 StKi.OO 
c  1989 Hum innnl) & (!<■ , I’ulilislicoi Lid
l o m i d  b u g s  ( H a l l  a n d  T e e t e s ,  1982) ,  b u t  n o t  for  m i r i d  
h e a d  b ug s .  T h i s  p a p e r  r e p o r t s  t h e  r esu l t s  o f  s tu d ie s  
o n  th e  losses a n d  E I L s  for  C. angustatus on  t h r e e  
s o r g h u m  cu i t i v a r s .  A n  a t t e m p t  h a s  a l so  b e e n  m a d e  
to c o m p u t e  E I L s  f r o m  a  e o s t - b e n e l i t  r a t i o  o f  1:1, 
b a se d  on  o n e  in s ec t  ac ros s  all p a n i c l e  d e v e l o p m e n t a l  
s t ag es  o r  b y  fo l l o wi ng  t h e  n a t u r a l  i n c re a se  o f  bugs .  
E I L s  w e r e  a l so  c o m p u t e d  by  t h e  f o r m u l a  o f  N o r t o n  
(1976)  a n d  c o m p a r e d  w i t h  t hose  c a l c u l a t e d  f rom  
c o s t - b e n e f i t  r at ios .
T h e  loss o f  g r a i n  q u a l i t y  d u e  to d a m a g e  by  h e a d  
b u g s  is i m p o r t a n t .  E n d o s p e r m  t e x t u r e  is a n  i m p o r t a n t  
c h a r a c t e r i s t i c  in food p r e p a r a t i o n .  V i t r e o u s  a n d  h a r d  
e n d o s p e r m  is p r e l e r r e d  for  s eve r a l  p o r r i d g e s  ( R o o n e y  
a n d  M u r t y ,  1982) .  B u g  f ee d in g  inc rea ses  a m y l a s e  
ac t i v i ty ,  a n d  se ve re l y  af f ec ts  t h e  g r a i n  q u a l i t y ,  b o t h  
p hy s i ca l l y  a n d  ' b i o c h e m i c a l l y .  D u r i n g  th e  r a i n y  
seas on ,  b u g  f ee d in g  r e n d e r s  t he  g r a i n  su sc ep t i b l e  to 
m o u l d  in fe c t ion ,  c a u s i n g  f u r t h e r  d e t e r i o r a t i o n  in 
g r a i n  q u a l i t y .  B u g  d a m a g e  c h a n g e s  t he  e n d o s p e r m  
t e x t u r e  a n d  spoi ls  t h e  g r a i n  q u a l i t y .  D a t a  w e r e  
r e c o r d e d  o n  1 00 0 - g ra i n  ma ss ,  g r a i n  h a r d n e s s ,  p e r ­
c e n t a g e  f loa t er s  a n d  p e r c e n t a g e  g e r m i n a t i o n ,  to 
e v a l u a t e  t h e  e l f ec t  o f  b u g  d a m a g e  o n  g r a i n  q u a l i t y  
d u r i n g  th e  1987 r a i n y  season .
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M aterials and m ethods
Effect o f  different spray schedules on head bug numbers and  
grain yield
S t ud i e s  w e r e  c a r r i e d  o u t  a t  I G R I S A T  d u r i n g  th r e e  
r a i n y  seasons  ( 1 9 8 5 - 1 9 8 7 ) ,  w i t h  s o r g h u m  c u l l i v a r s  
I C S V  1 a n d  G S H  1 s t u d i e d  in 1985,  a n d  G S H  5 in 
19 8 6  a n d  1987.  T h e  c r o p  w a s  p l a n t e d  on  r idges  75 c m  
a p a r t ,  a n d  t h e  s eed l ings  w e r e  t h i n n e d  to a  10 c m  
s p a c i n g  w i t h i n  t h e  r o w  15 d a y s  a f t e r  e m e r g e n c e .  
G a r b o f u r a n  3 G  a t  40  k g / h a ,  i.e.  I • 2 kg  a . i . / h a ,  was  
a p p l i e d  a t  t he  t i m e  o f  p l a n t i n g  to  p r o t e c t  t h e  c r o p  
f r o m  s h o o t  fly a n d  s t e m  b o r e r  d a m a g e .  T w o  infe st er  
r ow s  o f  h y b r i d s  G S H  1 a n d  G S H  5 w e r e  p l a n t e d  
ev e r y  e i g h t  test  ro w s  20 d a y s  b e f o re  t h e  e x p e r i m e n t a l  
p lo t s .  E a c h  p lo t  m e a s u r e d  6 x 9  in.  T h e  e x p e r i m e n t s  
w e r e  l a id  o u t  in a  r a n d o m i z e d  b lo c k  de s i gn  a n d  the re  
w e r e  f ou r  r e p l i c a t io n s .  H e a d  b u g s  co l l ec t ed  f rom  
o t h e r  f ields w e r e  u n i f o r m l y  s p r e a d  in t h e  i nfe s t e r  row s  
a t  p a n i c l e  e m e r g e n c e .  T h e  b u g s  m u l t i p l i e d  lo r  o n e  
g e n e r a t i o n  a n d  t h e n  m o v e d  to t h e  lest  p lo t s .  T h i s  
p r o v i d e d  u n i f o r m  i n f e s t a t i o n  a n d  i n c re a s e d  t he  h e a d  
b u g  p o p u l a t i o n  in t h e  e x p e r i m e n t a l  plots .
G a r b a r y l  ( 1 - n a p h t h y l  m e l h y l c a r b a m a t e )  a t  5 0 0  g 
a . i . / h a  w as  s p r a y e d  a t  5 0 0 1 / h a  w i t h  a  k n a p s a c k  
s p r a y e r ,  w i t h  a  h o l l o w  c o n e  nozz l e ,  a n d  a  p u m p  
p re s s u r e  o f  2 -5 -3 -0  k g / e n r .  A p o l y e t h y l e n e  screen  
( 2 x 2  m )  w as  h e l d  d o w n w i n d  to m i n i m i z e  d r i f t  to 
a d j a c e n t  p lo t s .  T h e  s p r a y  s ch ed u l e s  a r e  g iv en  in 
Tables 1 -4 .
H e a d  b u g s  w e r e  c o u n t e d  in 10 r a n d o m l y  se l ec t ed  
p a n i c l e s  in e a c h  p l o t  24  h  a f t e r  e a c h  s p r a y i n g  d u r i n g  
1985,  a n d  24  h  b e f o re  a n d  a f t e r  e a c h  s p r a y i n g  d u r i n g  
1986 a n d  1987,  a t  d i f f e r e n t  s t ag es  o f  p a n i c l e  
d e v e l o p m e n t .  A t  m a t u r i t y ,  s o r g h u m  p a n i c l e s  f rom  
t he  c e n t r a l  f o u r  ro w s  o f  e a c h  p lo t  w e r e  h a r v e s t e d  for 
g r a i n  yie ld.
D a t a  o n  b u g  n u m b e r s  a n d  g r a i n  y ie ld  w e re  
s u b j e c t e d  to ana l ys i s  o f  v a r i a n c e ,  a n d  th e  t r e a t m e n t  
m e a n s  w e r e  c o m p a r e d  u s i ng  th e  l eas t  s ign i f i can t  
d i f f e r e n c e  ( L S D ) .  C o r r e l a t i o n  a n d  r eg re s s io n  coeff i ­
c i en t s  o f  b u g  n u m b e r s  a n d  g r a i n  y ie ld  a t  d i f f e r e n t  
s t ages  o f  p a n i c l e  d e v e l o p m e n t  w e r e  c o m p u t e d .  T h e  
d a t a  w e r e  a l so  su b j e c t e d  to  p a t h  coef f i c i en t  ana lys is  
to d e t e r m i n e  t h e  d i r e c t  a n d  i n d i r e c t  ef fects  o f  b u g  
n u m b e r s  a t  d i f f e r e n t  s t ag es  o f  p a n i c l e  d e v e l o p m e n t  
o n  g r a i n  yie ld .
T a b u ;  1. MO'ect o f c a r b a r y !  s p r a y s  o n  h e a d  b u g  n u m b e r s  a n d  g r a i n  y ie ld  a i  d i f f e r e n t  stage.s o f  p a n i c l e  d e v e l o p m e n t  in  CSH 1 ( 1 9 8 5  r a i n y  s e a so n ;
T reatm ent




ratiol l  A CA M D H D
T !  HA" 0-3 {0-T)A 3-6(l-8) 21-7C-J-6) 81-6(8-7) 4-7(2-11 1-109 !: 9-0
T 2 H A  +  CA 0-1(0-2) 0-1(0-3) 2 -0 (1 4 ) 16-3(3-9) 5-0f2-2) 1605 !: 5-5
13 H A  +  C A  +  M 0 4 (0 -6 ) 0 4 (0 -6 ) 0 4 (0 -5 ) 18-7(4-0) 4-0 (2-0) 1496 !: 3-3
T 4  H A  +  C A  +  M  +  D 0-0(0-0) 0-3 (0-5) 0-5(0-7) 1 -5 (1 1 ) l-3(0-9) 1159 i;  1-6
I 5 H A  +  C A  +  M +  D  +  H D 0-2(0-3) 0 4 (0 -6 ) 0 4 ( 0 - 5 ) 2-7I1-6) 0-0(0-0) I67H !: 2 4
T 6  C A  +  M  +  D  +  H D 7-0{2-6) 0-2 ( 0 4 ) 0-5(0-6) 2 -5 (1 4 ) 0-3(0-5j 1383 1: 2-2
T 7  M  +  D  +  H D 4 -7 (2 4 ) 15-3(3-8) 0*3 {0*5) i- l(l -O) 0-2(0-3) 1575 1: 3-6
T 8  D  +  H D 5-6(2-3) 18-3(4-1) 56-3(7-3) I -0i 0-9) 0 -3 (0 4 ) 655 1: 0-8
T 9  H D 11-7(3-0) 22-0(4-4) 04-0(7-9) 65-0(8-0) 0 -3 (0 4 ) 455 1; —Oo
TIO  U ntrea ied-c l ieck 13-7(3*7) 10-3(3-1) 51-3(7-1) 61-0(7-7) 6 0 (2 -2 ) 505
Si­ ±  (0-36) ± ( 0 4 7 ) ±  (0-51) ±  (0-76) ± ( 0 - 3 1 ) ± 1 0 6 - 8
• 'H A, H a l l  an tl i e si s;  C A ,  c o m p l e t e  a n t l i c s is ;  M ,  m i l k  sl am-;  D ,  d o u g h  s t a g e ;  H I ) ,  h a r d  d n ti g l i  s t a g e ;  AligiiR"> in  p a r e n t h e s e s  a r e  x / n  t r a n s f o r m a t i o n s
T ahi .i;  2. E l l e r t  o f  c a r b a r y l  s p r a y s  o n  h e a d  b u g  n u m b e r s  a n d  g r a i n  y ie ld  a t  d i f f e r e n t  s t a g e s  o f  p a n i c l e  d e v e l o p m e n t  in  I C S V  1 ( 1 9 0 5  r a i n y  s e a so n  <
N o .  ol  h e a d  b u g s  / p a n i c l e  a l t e r  s p r a y





T 1 HA'* l-9 ( l -3)* 0-8 (0-9) 12-7 (3-i) 6-7(2 4 ) 0-1 (0-2) 2366 1:204
T 2 H A  +  CA 1 • 7 (' 1 -1) 0-3(0 4 ) 0-8 (0-9) 2-5{ 1-5) M  (0-6) 2451 1: 10-H
T 3 H A  +  C A  +  M 0 5 (0-6) 0 4 (0-6) 0-3 (0-3) 5-0( 1-5) 0-f> (0-3) 2253 i: 6-5
T 4 H A  +  C A  +  M +  D 1 -3(0-8) 0 4 (0-6) 0-0 (0-0) 0-1 (0-1) ()•! (0-2) 2599 1: 5-B
T 5  H A  +  C A  +  M  +  D  +  H D 3 -6 (1-7) 5-2(l-G) 0-1 (0 -n 0-1 (0-1) 0 - i (0-2) 2161 1: J-7
T 6  C:.-\ +  M  +  D  +  H D 17-5(4-1) 0-7(0-8) 0-3 (0-5) 0-2(0-3) 0-1(0-2) 1895 1: 4-0
T 7  M +  D  +  H D 12-5(34) 38-7(6-1) 0-7 (0-7) 0 -0 (0 0} 0-0 (0-0) 469 1: 0-6
T 8  D  +  H D 11-0(3-2) 22-7(4-8) 87-2 (9-3) 0-1(0-3) 0-0 (0-0) 296 1: 0-0
T 9  H D 11-0(3-2) 19-1(3-3) 89-5 (9-1) 10-5(2-8) 0 -0 (0 0 ) 587 1: 2-9
TIO Untreated-check 9-7(2-9) 34-2(5-3) 159-2 (124) 4-2(2-0) 0-0(0-0) 296 ....
SE ±  (0-10) ± ( 0 - 7 5 ) ±  (0-70) ±  (0-44) ± ( 0 - 2 1 ) ±  199-1
“•'’A s  in  T able  1
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I Alil.r. :i. KHeet o fc a r b a r y  I spray:, on bead bug num bers  and grain yield ai  ditferent stage.', o f  panic !e d ev e lop m en t  in C SH  5 < 1986 rainy season;
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T1 C.V 7 - 7 l 2 • 71 ^ !-!■[ 1- h 4-0; 1-9) 11-0(3-2:. 1 I-2i3-3 ; 5-5 . 2-3 ; 2770 1: 14-1-1T2 CA + M 8-5 (2-9 ; 0-H(0-9 i 8 0 (2-7) 0o (0-fii 2-51 1-5 : 1-5: ]-21 2766 1: 7-l-i
T li C A  +  M +  n 9-2 (3-0 i l)-4i 0-4 ; :v2 ( i -8) 1- 1! !■()) H-2 (2-1 j 0-(i-: 0-8 : 2903 1: 515
T 4 M 4- D 8-2 (2-8 i 7-5 i 2 -7 : 52-2 ;6-9 ; 1-lM-Oi 4-0 i l-fi) 0-0 i0-0 ; 2426 1: 5-94T5 D 7-212-6 i ■>•2(2-2 ) 56-0( 7-4 ) 92-7(8-9 ; r»i-7 :G-6 j (Mb 0-0 ; 1531 1: 1-92
TO Uiitreated-ebeek 1 l-OrS-li.j -1-312-1) 60-7(7-6) 70-5 iH-3) 57-0 . 7-4 ; 3 l-5i 5-4; 1339 1: 1-00
SE ±0-19 4 10-19} ± (0-591 ±{0-96; ± (0-76) ±(0-53j ± 172-8
'"‘As in Iiibh1 I
T.MU.i. 4. E l f e e lo f e ; irbarvl spravs o n  bead bug numbers  and grain  vielcl in: sorghum  bybrid C SH  5 ! 19H7 rainy .season}
N o.  o f l i e a d  bugs j  panicle *
H A CA M I)
Grain C ost -
Before After Before After Before After Before After vield benefit
T reatm ent spray spray spray spray spray sprav sprav spray (kg/ha) ratio
11 HA" 1-0(21 r! 0-0(00> 110(3-2) 3-0(l-G) i58-0( 12-2) 96-0 (9-7) 54-0(7-3) 12-5(3-3) 2170 1:10-95
T 2  H A  +  CA 5-0 C 2-2} 00 (0 -0} 7 -0 (20) 0 -0 (0 0 ) 22-0 (4-5) 8-0 {2-Hi 16-0(4-0) 9 0 (2 -9 ) 2388 1: 6-57
T 3  H A  +  C A  +  M (vO.2-3) O-O(O-O) 12-0(3-2) 0 0 (0 -0 ) 15-0 (3-8) 2-0 f 1-5) 17 -0 (4 1 ; 8-0[2-8) 21211 1: 3-51
T !  H A  4- C A  +  M + 1.) 3-0(1-8} 0 -0 (0 0 ) 11-0(3-2 ) 0 0(0-0) 9-0 (2-9) 3-0 (1-5) 8-0 (241) 2-2(1-5) 2633 1: 3-90
T 5  C A  +  M +  1) 5 0 (2 -2 ; 5-0(2-2; 10-0(3-i) 0-0 (0-0) 15-0 (3-8) 3-0 (1-6) 5-0(2-2 > 2-0(1-3) 2351 1: -1-25
T 6  M  +  t) 5-Of2-2) 4-0(2-1) 17-0(2-6) 30-0(5-7) 182-0/12-5) 4-0 (2-0) 7 0 ( 2 0 ) 1-2(14) 1770 1: 3 4 8
T 7  D 5 0(2 -2 ) 5-0(2-!) 7-Of 2-0) 37-0(5-7) IGl-Of i2-5) 65-0 (8-0) 32-0(6-0) 2 -2 (1 4 ) 1150 1: 0-75
T 8  Untreated  cbcck 5 0(2 -2 ) 5 -0(2- i ) 10-0(3-1) 35-0(5-f>) 165-0(12-')) 111 (10-4) 30-0(5-3) 8-0(2-7) 1075
SK ±[0-2();! 4  (0-20) ±  (0-57) ± ( 0 - 7 2 ) ± ( 0 - 9 8 ) ± ( 0 - 5 9 ) ± ( 0 - 1 2 ) ± ( 0 - 3 2 ) ± 170-1
" ‘As in 7Me 1
Effect o j head bug damage on grain quality
D u r i n g  th e  1987 r a i n y  sea son ,  g r a i n  f r o m  d i f f e r e n t  
t r e a t m e n t s  w a s  g iv e n  v a r i o u s  q u a l i t y  tests.  O n e  
h u n d r e d  g ra i n s  w e r e  t a k e n  a t  r a n d o m  f r o m  e a c h  
r e p l i c a t i o n  a n d  placccl  in t h e  folds o f  mo i s t  f i l ter  
p a p e r  in a  P e t r i  d i s h  a t  25 +  2 ° C  for  a  g e r m i n a t i o n  
test .  T h e  p a p e r  w a s  m o i s t e n e d  e v e ry  24  h  a n d  the  
n u m b e r  o f  g ra i n s  t h a t  g e r m i n a t e d  c o u n t e d  a f t e r  72 h .
T h o u s a n d - g r a i n  s a m p l e s  w e r e  t a k e n  a t  r a n d o m  
w i t h  a n  a u t o m a t i c  g r a i n  c o u n t e r  a n d  e q u i l i b r a t e d  
o v e r n i g h t  for  m o i s t u r e  c o n t e n t  i n  a n  o v e n  a t  3 7 ° C .  
G r a i n  m a ss  w as  r e c o r d e d  t h e  fo l lo wi ng  d a y ,  a n d  the  
s a m p l e s  w e r e  s u b j e c t e d  to a  g r a m - f l o a t e r  test  to 
e v a l u a t e  t h e  ef fec t  o f  b u g  d a m a g e  o n  g r a i n  d en s i ty .  
W e  fo l lowed  t h e  p r o c e d u r e  o f H a l l g r e n  a n d  M u r t y  
( 198 3 )  a n d  c o n d u c t e d  t he  t es t  u s i n g  a  s o d i u m  n i t r a t e  
s o l u t i o n  o f  speci fi c d e n s i t y  1-31. V e r y  l e w  g ra i n s  o f  
t he  t es t  c u l t i v a r ,  C S H  5,  s e t t l ed  a t  t h e  b o t t o m  in 
s o d i u m  n i t r a t e  s o l u t io n ,  so w e  c o m p a r e d  t h e  p e r c e n t ­
a g e  f loa t e r s  i n  p l a i n  w a t e r ,  w h i c h  h a s  a  speci fi c d e n s i t y  
o f  1-0. T h e  h e a v y  g ra i n s  s e t t l i n g  a t  t h e  b o t t o m  w e r e  
r e m o v e d  a n d  d r i e d  o v e r n i g h t  a t  4 0 ° C .  T h e  m a ss  
o f  t h e  h e a v y  g ra i n s  w as  r e c o r d e d  a n d  ex pr es se d  as a  
p e r c e n t a g e  o f  t h e  t o t a l  g r a i n  mass .
G r a i n  h a r d n e s s  w a s  r e c o r d e d  o n  t h e  K i y a ,K' r i ce  
h a r d n e s s  tes t er .  T w e n t y - f i v e  g r a i n s  s e l e c t e d  a t  r a n ­
d o m  w e r e  t es ted  fo r  h a r d n e s s  i n  e a c h  r e p l i c a t i o n .  
M o i s t u r e  c o n t e n t  w a s  e q u i l i b r a t e d  in  a n  o v e n  a t  3 7 ° C  
lo r  2 4  h  b e f o r e  t h e  test .  T h e  m a x i m u m  fo rce  r e q u i r e d  
to  b r e a k  a n  i n d i v i d u a l  g r a i n  w a s  r e c o r d e d  as t he  
h a r d n e s s  sco re .  D a t a  w e r e  a n a l y s e d  s t a t i s t i ca l ly  to 
c o m p u t e  t h e  l ea s t  s ig n i f i ca n t  d i f f e r e n c e  b e t w e e n  
t r e a t m e n t s .  C o r r e l a t i o n  coef f i c i en ts  b e t w e e n  g r a i n  
q u a l i t y  p a r a m e t e r s  w e r e  a l so  c o m p u t e d .
Avoidable losses
A v o i d a b l e  losses w e r e  c o m p u t e d  f r o m  t h e  g r a i n  y ie ld  
r e c o r d e d  in  u n t r e a t e d  c h e c k  p lo t s  a n d  t h o se  r ec e iv i ng  
m a x i m u m  p r o t e c t i o n  a g a i n s t  b ug s .  A v o i d a b l e  losses 
((7) w e r e  c o m p u t e d  by :
a
w h e r e  C’= a v o i d a b l e  loss ( % ) ;  a =  g r a i n  y ie ld  i n  
p r o t e c t e d  p lo t s ,  a n d  b =  g r a i n  y ie ld  i n  u n p r o t e c t e d  
p lo t s .
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Economic injury level ( E I L )
E c o n o m i c  i n j u r y  levels w e r e  c o m p u t e d  f r o m  a 
c o s t - b c n e l U  r a t i o  o f  1:1,  t h a t  is w h e n  t he  cost  o f  
c o n t r o l  w a s  e q u a l  to t h e  v a l u e  o f  t he  g r a i n  s aved .  
E I L s  w e r e  b a s e d  o n  o n e  in s ec t  p e r  p a n i c l e  ac ros s  all 
s t ag es  o f  p a n i c l e  d e v e l o p m e n t ,  a n d  o n  t h e  r a t e  o f  
n a t u r a l  i n c r e a se  in t h e  u n t r e a t e d  c h ec k  plo t s .  F o r  
e x a m p l e ,  in G S H  1 t h e  r a t e  o f  n a t u r a l  i n c r e a s e  o f  
h e a d  b u g s  in  t h e  u n t r e a t e d  c o n t r o l  p lo ts  w as  1, 0.8,  
3-7,  4-5 a n d  0 -4  i n s e c t s / p a n i c l e  a t  t he  ha l f - a n th es i s ,  
co m p l e t e - a n t h e s i s ,  m i lk ,  d o u g h  a n d  h a r d - d o u g h  
s t ages ,  r e s pec t iv e ly .  T h e  kiss i n  g r a i n  y ie ld  f r o m  o ne  
insec t  p e r  p a n i c l e  a t  h a l f - a n t h e s i s  w as  c o m p u t e d  by 
u s i ng  t h e  r a t e  o f  n a t u r a l  i n c r e a s e  o f  b u g s  a t  d i f f e r e n t  
s t ag es  i n  t h e  r eg re s s io n  e q u a t i o n  {T ab les 7  a n d  9 ).
E I L s  w e r e  a l so  c o m p u t e d  b y  t h e  f o r m u l a  o f  N o r t o n  
(19 76 ) ,  as  d i scussed  by  P e d i g o  el al. ( 198 6) :
w h e r e  C — cost  o f  i n s ec t i c i de  use  p e r  h e c t a r e ,
P =  p r i c e  o f  p r o d u c e / q u i n t a l  ( o n e  q u i n t a l
(q)  =  100 kg)  _
1) =  loss i n  g r a i n  y ie ld  ( q / h a )  a s s oc i a t e d  w i t h  
o n e  i n s e c t / p a n i c l e ,  a n d  
K  =  r e d u c t i o n  in  p es t  a t t a c k  (0-80) .
R esu lts
Effect o j different spray schedules on head bug numbers and  
grain yield
D u r i n g  th e  1985 r a i n y  sea son ,  b u g s  r e m a i n e d  u n d e r  
c h e c k  in  p lo t s  s p r a y e d  a t  h a l f - a n t h e s i s  a n d / o r  
c o m p l e t e - a n t h e s i s  to h a r d - d o u g h  s t ag e  ( t r e a t m e n t s  
T 2  to T 6 )  ( Tab le  I ) .  H o w e v e r ,  ( he re  w as  so m e  
in c r e a se  i n  b u g  n u m b e r s  i n  p lo t s  s p r a y e d  a l  hal f -  
an t h e s i s  a n d  c o m p l e t e - a n t h e s i s  on ly .  G r a i n  y ie ld  d id  
n o t  d i f f e r  s ig n i f i can t ly  a m o n g  p lo t s  t r e a t e d  a t  
h a l f - a n t h e s i s  -+• c o m p l e t e - a n t h e s i s  a n d  tho se  t r e a t e d  
u p  to  h a r d - d o u g h  s t a g e  w i t h  3 - 5  sp r ay s  ( T 3  to  T 5 ) .  
I n  I C S V  1, p lo t s  n o t  p r o t e c t e d  a t  h a l f - a n t h es i s  -f 
c o m p l e t e - a n t h e s i s  su f f e re d  a  s i gn i f i can t  loss i n  g r a i n  
yie ld  [ Tab le  2 ). T h i s  sugges t s  t h a t  p r o t e c t i o n  d u r i n g  
th e  i n i t i a l  s t a g es  o f  g r a i n  d e v e l o p m e n t  (h a l f - an th es i s  
to c o m p l e t e - a n t h e s i s  s t ages )  is m o s t  c r i t ica l  for  h e a d  
b u g  co n t r o l .  H o w e v e r ,  c u l t i v a r  su sc ep t i b i l i t y  t o  bug s  
a l  a  p a r t i c u l a r  s t a g e  o f  d e v e l o p m e n t  a l so  se em s  to 
a f f ec t  t h e  e x t e n t  o f  g r a i n  d a m a g e :  e .g.  I C S V  1 
a p p e a r s  to b e  m o r e  s u s c e p t i b l e  t o  h e a d  b u g s  d u r i n g  
th e  i n i t ia l  s t ag es  o f g r a i n  d e v e l o p m e n t  c o m p a r e d  w i t h  
G S H  1. I C S V  1 h a s  a  s m a l l  g r a i n  a n d  c o m p a c t  
p an ic l e ,  c o m p a r e d  w i t h  t he  b o l d  g r a i n  a n d  semi-  
c o m p a c t  p a n i c l e  o f  G S H  1. T h e s e  c h a r a c t e r i s t i c s  m a y  
a lso  a c c o u n t  for  t h e  d i f f e r en ce s  in su sc ep t i b i l i t y  o f  
t hese  c u l t i v a r s  t o  bugs .
C o s t - b e n e f i t  r a t i o s  w e r e  >  1 i n  p lo t s  p r o t e c t e d  
w i t h  1 -5  s p r a y s  f r o m  th e  h a l f - a n t h es i s  a n d  h a r d -
d o u g h  s t ag es  i n  G S H  1, a n d  b e t w e e n  t he  c o m p le t e -  
a n t h e s i s  a n d  h a r d - d o u g h  s t ag es  i n  I C S V  1.
A  t h r e e - s p r a y  s c h e d u l e  w as  fo l lowed  d u r i n g  the
1986 r a i n y  se a so n  o n  G S H  5 ( Table 3 ). P lo t s  p ro t e c t e d  
a t  t h e  c o m p l e t e - a n t h e s i s ,  m i lk  a n d  d o u g h  s t a g es  g a v e  
th e  m a x i m u m  g r a i n  y ie ld ,  fo l lo wed  by  t hos e  t r e a t e d  
a t  t he  c o m p l e t e - a n t h e s i s  a n d  mi lk  s t ages .  T h e s e  
t r e a t m e n t s  a l so  g a v e  g o o d  c o n t r o l  o f  b ug s .  P lo t s  not  
t r e a t e d  a l  c o m p l e t e  a n th es i s  su f f e re d  a  s igni f ican t  
r e d u c t i o n  in  g r a i n  yie ld .  P lot s  p r o t e c t e d  a t  t h e  d o u g h  
s t a g e  on l y ,  su f f e red  as  m u c h  b u g  d a m a g e  as t he  
u n t r e a t e d  c h e c k  plo t s .  Co s t—b en e f i t  r a t i o s  r a n g e d  
f ro m  5 -15 to  14-14 in p lo t s  t r e a t e d  w i t h  1 -3  sp ray s  
b e t w e e n  th e  c o m p l e t e - a n t h e s i s  a n d  d o u g h  s t ages .
D u r i n g  t h e  1987 r a i n y  sea son ,  fo u r  s p r a y s  were  
a p p l i e d  in d i f f e r e n t  c o m b i n a t i o n s  o n  C S H  5 [ Table  
•/). P lo t s  p r o t e c t e d  a t  al l  l o u r  s t ag es  o f  p a n i c l e  
d e v e l o p m e n t  y i e ld ed  2 6 3 0  k g / h a  c o m p a r e d  w i t h  1075 
k g / h a  in  t h e  u n p r o t e c t e d  p lo t s .  P lo t s  p r o t e c t e d  a t  t he  
ha l f - a n t h es i s  a n d / o r  c o m p l e t e - a n t h e s i s  a n d  mi lk  
s t ag es  d id  n o t  d i f f e r  s i g n i f i can t ly  f r o m  those  r ece iv ing  
c o m p l e t e  p r o t e c t i o n .  H o w e v e r ,  p lo ts  t h a t  w e r e  not  
p r o t e c t e d  a t  t he se  s t ag es  su f f e r ed  h e a v y  losses in g ra i n  
y ie ld .  P lo t s  p r o t e c t e d  w i t h  3 - 4  s p r a y s  o f  i n sec t i c ide  
g a v e  c o s t - b e n e f i t  r a t i o s  o f  3 -5 -4 -3 .
Effect o j head bug damage on grain quality
G r a i n  g e r m i n a t i o n  ( % ) ,  t h o u s a n d - g r a i n  ma ss ,  h e a v y  
g r a i n  ( % ) ,  a n d  g r a i n  h a r d n e s s  w e r e  s i gn i f i can t ly  
h i g h e r  w h e n  th e  p a n i c l e s  w e r e  p r o t e c t e d  b e t w e e n  the 
h a l f - a n t h e s i s  a n d  d o u g h  s t ages ,  a n d  b e t w e e n  the 
c o m p l e t e - a n t h e s i s  a n d  d o u g h  s t ag es  [T a b le  5 ). Plots  
n o t  p r o t e c t e d  e i t h e r  a t  t h e  c o m p l e t e - a n t h e s i s  a n d / o r  
m i l k  a n d  d o u g h  s t ages ,  su f f e r ed  a  s ig n i f i ca n t  r e d u c ­
t i on  in g r a i n  q u a l i t y .  S i m i l a r l y ,  p lo ts  n o t  p ro t e c t e d  
e i t h e r  a t  t h e  c o m p l e t e - a n t h e s i s  a n d / o r  t h e  m i l k  s t age  
s h o w e d  a  g r e a t e r  r e d u c t i o n  in g r a i n  q u a l i t y .
C o r r e l a t i o n  coef f i ci en ts  b e t w e e n  g r a i n  ha rd n es s ,  
1 0 0 0 - g ra i n  mas s ,  p e r c e n t a g e  f loa te r s  a n d  g ra i n  
g e r m i n a t i o n  w e r e  pos i t i ve  a n d  s ign i f i can t ,  i n d i c a t i n g  
t h a t  d a m a g e  by  h e a d  b u g s  af fec ts  all t h e  g r a i n  q u a l i t y  
p a r a m e t e r s  ( 'fa b le  6’).
T.UH.l. f>. (ienninaiion 1000-grain mas:». heavy grain f ° ( l and
grain hardness of CSH 5 grain front plots protected al difFerent siagr' 








h a r c i i H "
1 1 H A " 11-5 Ifi-fl 1 59-(i 0- 19
T 2 H A  +  CA 10-0 17-9(5 59-1 o - : u
T 3 H A  +  C A  +  M 10-3 17-95 74-0 0-55
T-l H A  4- C A  +  M +  1.) 2 0 0 20-15 92-5 0-55
Tf> C A  +  M  +  1.) 21-3 20-02 H2-H 0-84
T O  M +  D i > : i 115-17 45-1 0-73
T 7 D 5-5 13-71 20-7 0-25
T f i  I'nlreated check 3-:s 124(7 10-0 0-2-1
S K ± 3-01 ± 0-H7 ±  9-35 +  0-0495
A- 11! Itll'/r  1
C R O P  P R O T E C T I O N  Vol. fl D ecem ber  1989
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D in ’d  and indirect effect of head buy density at different 
s/ayes o f panicle development on grain y ie ld
T h e  d i r c c l  a n d  i n d i r e c t  cHecl s  o f  b u g  d e n s i t y  a t  
d i  Here in  s i ag es  o f  p a n i c l e  d e v e l o p m e n t  o n  g r a i n  yie ld 
a r c  g iv en  in Table  7. H e a d  b u g  n u m b e r s  a t  t he  
h a l l - a n t h e s i s  t o  d o u g h  s t ages  w e r e  s i g n i f i can t ly  a n d  
n e g a t i v e l y  a s so c i a t ed  w i t h  loss i n  g r a i n  y ie ld ,  e x c e p t  
i n  b u g  n u m b e r s  a t  (he  d o u g h  s t a g e  in I C S V  I a n d  
C S H  5 d u r i n g  1987.  C o r r e l a t i o n  coel l i c i en t s  i n d i ­
c a t e d  t h a t  h e a d  b u g  n u m b e r s  a t  t h e  e o m p l e t e -  
an l h e s i s  a n d  mi lk  s t ag es  h a d  m a x i m u m  ef fec t  on  
g r a i n  y ie ld ,  a n d  t h e i r  r eg res s ion  coe ff i c i en ts  w e r e  also
T a j i i .i : 6. Correlation i oefliiicnts between grain germination i",,-, 
1000-grain mass, heavy grain and grain hardness in C S H  i 19H7 
rainy season*
Germination 1000-grain Grain Heavv
mass hardness grain < ° ;
Germination i
1000-grain mass 0-71 *
Grain hardness 0-57* 0-59*
Heavy grain 0-67* 0-83** Ood* 1-00
* * * S i m i i l n  a n t  . n  I '  —  (Ml.') . m il  / ’ ( M H . r e s p e c t i v e l y
s ig n i f i ca n t  ( ex ce p t  C S H  I a n d  C S H  5 d u r i n g  1986) .  
H e a d  b u g  d e n s i t y  a f t e r  s p r a y i n g  a t  d i f f e r e n t  s t ages  
o f  p a n i c l e  d e v e l o p m e n t  e x p l a i n e d  4 2 - 6 %  o f  t he  
v a r i a n c e  in g r a i n  v ie ld  for  C S H  1; t hi s  p e r c e n t a g e  
w as  7 2 - 6 %  for  I C S V  1, a n d  8 2 - 0 %  lo r  C S H  5. D u r i n g  
1987,  (he  m e a n  n u m b e r s  o f  b u g s  b e l b re  a n d  a f t e r  
s p r a y i n g  a t  e a c h  s t a g e  o f  p a n i c l e  d e v e l o p m e n t  w e r e  
c o n s i d e r e d  for  r eg re s s io n  ana lys i s .  Al l  t he  r eg res s ion  
coe l l i c i en t s  w e r e  s ign i f i can t ,  a n d  th e y  e x p l a i n e d  
9 3 - 7 %  ol t h e  v a r i a n c e  in g r a i n  y ie ld .  T h u s ,  b u g  
d e n s i t y  b e f o r e  a n d  a f t e r  s p r a y i n g  d u r i n g  th e  v a r i ou s  
d e v e l o p m e n t a l  s t ag es  is i m p o r t a n t  in d e t e r m i n i n g  the  
loss in g r a i n  yie ld .
T h e  d i r e c t  (‘f leets  o f  b u g  n u m b e r s  a t  t he  mi lk  s t ag e  
w e r e  m a x i m u m  in  b o t h  C S H  1 a n d  I C S V  I. B u g  
n u m b e r s  a t  t h e  ha l f -  a n d  c o m p l e t e - a n t h e s i s  s t ages  
a l so  s h o w e d  n e g a t i v e  d i r e c t  effects a n d  on  the  
c o r r e l a t i o n  a n d  r eg re s s io n  coef f i ci ents .  T h e  i n d i r e c t  
ell 'eels o f  h e a d  b u g  n u m b e r s  a t  t he se  s t a g es  t h r o u g h  
h e a d  b u g  d e n s i t y  a t  t h e  m i l k  s t a g e  w e r e  a l so  n eg a t i v e .  
I n  C S H  1, b u g  d e n s i t y  a t  t h e  d o u g h  s t a g e  a l so  s h o w e d  
c o n s i d e r a b l e  n e g a t i v e  d i r e c t  effects.
D i r e c t  ell 'eels o f  b u g  d e n s i t y  a t  t he  c o m p l e t e -  
a n ih es i s ,  m i lk ,  a n d  d o u g h  s i ag es  w e r e  n e g a t i v e  in 
C S H  5 in  1986.  T h e  b u g  n u m b e r s  a t  t h e  c o m p l e t e -
I'abi.i; 7. Dircri and indim'i elfects of' head hug density ai different siages of panicle development on grain vicld ( 19N5-1987 rainy seasons]
Hall Complete Maid Correlation Regression
anthesis anthesis Milk Dough dough coeflicicni coefficient
i l lA . : C A  (M i .1) (H D j in {!,)
CSH 1. 19113 rainy season'1
H A -  0- f 3 - 0-02 - 0-25
CA - 0-09 - 0-03 —  0-30
M —  0-0(1 - 0-02 —  OoO
L) - 0-03 - 0-01 - 0-17
H D - 0-001 0-01 - 0-02
.V =  0- 1-7
0-06 - 0-0002 - 0- 1(1* -  11-0
0-02 - 0-003 - 0- 1(1* -  1-7
0-08 0-008 - 0-67** -  9- 1*
0-25 0-007 — 0-k")* -  3-4
()•()') 0-02 - 0-10 3-f.
Interrupt =  1423*; /<■ =  12 (i
iCS\ 1. 191) ’) rainv season"
HA — 0-3(1 -0 -1 2 -0 -1 2 0-01 0-02 -0 -5 8 * * -  f)2-0*
CA -0 -1 0 -0 -4 3 -0 -1 5 0-01 0-01 -0 -6 7 * * -  22-0*
M -0 -1 0 -0 -1 6 -0 -41 -0 -0 ] 0-0! —0-07** -  7-i *
D 0-05 0-0(1 -0 -0 5 — 0-0-1- -0 -01 0-01 -  7-7
HD 0-09 0-08 0-07 — 0-01 -0 -08 0-14 -1 2 0 -0
.V =  0-24 Intercept =  2-!HO*: R1=  720
C S H  f>. 198(1"
C A  - 0 - 2 0  - ( K M  - 0 - 1 0  - 0 - 6 4 * *  -  79 -3
M - O i l  - O - l l O  - 0 - 1 7  - 0 - 1 5 9 * *  -  1 3 - 4 *
1) - 0 - 0 8  - 0 - 1 4  — 0 - 2 4  — 0 - 7 ( 1 * *  -  8 -9
• V =  0-1(1 Intercept =  3 2 9 6 * :  l l 1 =  9 3 - 7
CSH 5. 1987*
H A — 0-40 — 0-89 0-36 0-21 - 0-72** - 156-')*
CA - 0-27 - 1-30 0-72 — 0-0 ! — (>•89** -  83-4*
M - 0-15 - 0-97 0-97 - 0-63 - 0-79** 9-4*
D 0-10 -  0-05 0-113 -  0-96 - 0-30 -  55-7*
A' =  0 (1(1 Intercept =  3652: I f  =  93-7
J \ u i i i l ) i - r  o f  l ie . id  Int i ' s  a l t e r  - . p r a y i n g ;  ‘m e a n  n u m b e r  n i '  h e a d  b i l l ' s  b e f o r e  a n d  a l t e r  s p r a y i n g ;  *•  * * .-n>ni lk  a m  a t  P  - -  II I).7) a n d  / '  =  0 -0 1 .  r e s p e c t i v e l y : /{ ' .  (-tn-IIii i t-nl  ol 
d e t e r n i i i i . u n i i i  ; A .  e l l i'Cl o f  n - . u l u u l  I'actur-.
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4 3 4 Sorghum  head bug and  grain yield
a n  thesis a n d  d o u g h  s t ag es  a l so  s h o w e d  n e g a t i v e  
i n d i r e c t  ef fects  t h r o u g h  h e a d  b u g  d e n s i t y  a t  t he  mi lk  
s t age.
O n  t h e  basi s  o f  m e a n  b u g  n u m b e r s  be fo r e  a n d  
a f t e r  s p r a y i n g  d u r i n g  1987,  t h e  d i r e c t  ef fects  w er e  
n e g a t i v e  a n d  g r e a t e r  fo r  h e a d  b u g  d e n s i t y  a t  t he  
h a l f - a n th es i s ,  c o m p l e t e - a n t h e s i s ,  a n d  m i l k  s t ages .  
H o w e v e r ,  b o t h  t h e  d i r e c t  a n d  i n d i r e c t  effects  o f h e a d  
b u g  d e n s i t y  a t  t h e  mi lk  s t a g e  w e r e  pos i t i ve ,  i n d i c a t i n g  
t h a t  m u c h  o f  t h e  loss i n  g r a i n  y ie ld  is i nf l i c t ed  by  
b u g s  b e f o r e  o r  ev e n  a f t e r  t h e  m i l k  s t age.
H e a d  b u g  d e n s i t y  a l t e r  s p r a y i n g  e x p l a i n e d  5 2 - 5 %  
o f  t he  v a r i a t i o n  in d i r e c t  a n d  i n d i r e c t  ef fects  for  C S H
1, 76-1 %  for  I C S V  1. a n d  8 4 . 3 %  for  C S H  5 ( d u r i n g
1986) .  T h e  m e a n  b u g  n u m b e r s  c o n s i d e r e d  d u r i n g
1987 e x p l a i n e d  9 7 - 3 %  o f  t h e  v a r i a n c e .
Avoidable losses
M a x i m u m  a v o i d a b l e  losses w e r e  r e c o r d e d  in I C S V  
1 ( 8 8 - 6 % ) ,  fo l lo wed  b y  C S H  1 ( 6 9 - 9 % )  a n d  C S H  5 
( 5 3 - 9 %  in 1986,  a n d  5 5 - 0 %  in 1987) [T a b le  8 ). Loss 
in g r a i n  y i e l d / h a  d u e  (o o n e  i n s e c t / p a n i c l e  ac ros s  all 
s t age s  w a s  2 8 6  kg  in C S H  5 in 1987,  209  kg  in I C S V  
1 in  1985,  154 kg  in  G S H  5 in  1986 a n d  22 kg  in 
C S H  1 in  1985.  H o w e v e r ,  w h e n  w e  c o n s i d e r  t he  
n a t u r a l  r a t e  o f  i n c r e a se  i n  h e a d  b u g  n u m b e r s  in t he  
u n p r o t e c t e d  p lo t s  a n d  use  it in t h e  r eg res s ion  
e q u a t i o n ,  t he  loss i n  g r a i n  y i e l d / h a  w a s  5 4 8  kg  in 
C S H  5 in  1987,  251 kg  in  I C S V  1 in  1985,  232  kg  
in  C S H  5 in 1986 a n d  77 kg  in C S H  1 in 1985 [T able  
.9).
Economic injury level (E A L )
E c o n o m i c  i n j u r y  level  ( E 1 L ) ,  b a s e d  o n  a  e o s l - b e n e l i t  
r a t i o  o f  1:1 a n d  N o r t o n ’s p r o c e d u r e  ( N o r t o n ,  1976)
T a h i .i: 8 .  K \ t e m  n f a v o i d a b l e  losses• d u e  in  h e a d l>m;s in  tl i ree
c u l t i v a r s  ( 19 8 5 -1 9 H 7  i•am y se a son s )
G r a i n  ;, 'ield (kg / l ia )
A v o i d a b l e
C u l l i v a r P r o t e c t e d U n p r o t e c t e d losses I*’-,,)
C S H  1 (198 5 ) 1677 505 69-8 9
I C S V  1 (191)5) 2 5 9 9 29(i 88-61
C S H  5 ! 1986} 29 03 1339 53-8 8
C S H  5 (198 7) 2 3 8 8 1075 51-9 8
w a s  1 *3— I **l- i n s ec t s / p a n i c l e  for  C S H  1 (4-5 insects/  
p a n i c l e  b a s e d  on  o n e  i n s e c t / p a n i c l e  across  all s t ages-  
a n d  0 -4 -0 -6  in s e c t s / p a n i c l e  for  I C S V  1 a n d  C S I I  5 
( E I L  for  C S H  5 in 1987 w as  0-2 i n s ec t s /p a n i c l c i ,  
E I L s  c a l c u l a t e d  by  th e  N o r t o n  (1976)  f o r m u l a  were  
c lose  t o  t hos e  c a l c u l a t e d  on  t h e  bas i s  o f  a  eo s t -b e n e f i t  
r a t i o  o f  1:1 ( T a b le d ) .
D iscussion
G r a i n  y ie ld  d id  n o t  d i f f e r  s ign i f i can t ly  b e t w e e n  p lo ts  
t r e a t e d  a t  t he  h a l f - a n t h es i s  t o  d o u g h  s t ag es  w i t h  2—1 
sp ray s .  H o w e v e r ,  p lo t s  t h a t  w e r e  n o t  p r o t e c t e d  at 
h a l f a n t h e s i s  a n d  c o m p l e t e  a n  thesis  su f f e r ed  a  s ignif i ­
c a n t  loss i n  g r a i n  y ie ld ,  i n d i c a t i n g  t h a t  b u g  d a m a g e  
d u r i n g  t h e  i n i t i a l  s t ag es  o f  p a n i c l e  d e v e l o p m e n t  
resul t s  in s ev e re  losses i n  g r a i n  y ie ld .  T h i s  o b s e r v a t i o n  
s u p p o r t s  e a r l i e r  f i nd ing s  ( S h a r m a  a n d  L e u s c h n e r ,
1987)  t h a t  p r o t e c t i o n  a r o u n d  c o m p l e t e  an lh es i s  is 
m o s t  c r i t ica l  i n  p r e v e n t i n g  h e a d  b u g  d a m a g e .  
C o s t - b e n e f i t  r a t i o s  w e r e  >  1 for  p lo t s  p r o t e c t e d  wi th  
2 - 4  s p r a y s  b e t w e e n  t he  h a l f - a n t h es i s  a n d  d o u g h  
s t ages ,  a n d  t h u s  c o n t r o l  o f h e a d  b u g s  o n  h i g h -y i e l d i n g  
c u l t i v a r s  is e c o n o m i c a l l y  feas ible,  to m i n i m i z e  the 
losses i n  g r a i n  y ie ld  a n d  q u a l i t y .
H e a d  b u g  d a m a g e  c a u s e d  a  s ev e re  loss in g ra i n  
q u a l i t y .  T h e  q u a l i t y  o f  g r a i n  f r o m  p lo ts  p ro t e c t e d  
w i t h  3 - 4  s p r a y s  a t  t h e  h a l f - a n t h es i s  t o  d o u g h  st ages  
d i f f e r ed  s u b s t a n t i a l l y  f r o m  t ho se  t r e a t e d  w i t h  1-2 
s p r a y s  a n d  h a l f  a n t h e s i s  a n d  c o m p l e t e  an thes is .  
H o w e v e r ,  g r a i n  y ie ld  f r o m  p lo t s  p r o t e c t e d  w i t h  
1 -2  s p r a y s  a l  t h e  h a l f - a n t h es i s  a n d / o r  c o m p le t e -  
a n t h e s i s  s t ag es  d id  n o t  d i f fe r  s i g n i f i can t ly  f r o m  those 
p r o t e c t e d  w i t h  3 - 4  sp ray s .  T h e r e f o r e ,  i t  s e em s  t h a t  
e v e n  t h o u g h  t h e  q u a n t i t a t i v e  r e d u c t i o n  in  y ie ld  m a y  
n o t  b e  g r e a t ,  t h e  q u a l i t y  c a n  b e  se ve re l y  a f f ec ted  
w i t h  p a r t i a l  p r o t e c t i o n  o r  by  low  levels  o f h e a d  bug  
in fe s t a t i on .
A v o i d a b l e  losses clue to  h e a d  b u g s  r a n g e d  f rom 
5 3 * 9 %  on  C S H  5 to 8 8 - 6 %  in  I C S V  1. Loss  o f  g ra i n  
y ie ld  w as  g e n e r a l l y  m u c h  g r e a t e r  i n  I C S V  1 a n d  
C S H  5 t h a n  i n  C S H  1. T h e  f o r m e r  h a s  a  c o m p a c t  
p a n i c l e ,  w h i c h  is s u i t a b l e  for  t h e  g r o w t h  a n d  su rv iva l  
o f  bugs ,  w h e r e a s  t h e  r a t e  o f  p o p u l a t i o n  b u i l d - u p  on  
C S H  I m a y  b e  s l ow er  b e c a u s e  o f  its s emi -loose 
p an ic l e .  T h e r e f o r e ,  s o r g h u m  c u l t i v a r s  s h o u l d  m a i n l y
T aM .I ;  9. E c o n o m i c  i n j u r y  leve ls ( K I ! ,s j I'nr angustatus  ( 1 9 8 5 - 1 9 8 7  n i i n y  seasons)
L o s s  i l l  i>r a i n  y i e l d  ( k i ' / l i a )
O n e  i n s e c t F o l l o w i n i '  t u u u r a l L I  L ( o n e  i n s e c t K I L .  ( b a s e d  o n r . i i .
C u l t i v a r Y e a r  p e r  p a n i c l e 1 i n c r e a s e ' ' a c r o s s  s t a i ' t s } 1 n a t i i r . i l  i n c r e a s e ; ’ ( N o r t o n .  1971.
C S H  1 1 9 8 5  2 2 77 4 -5 i-3 1 --I
I C S V  1 1 9 8 5  2(19 2 5 1 0 -5 ( M D-1-
C S H  5 1 9 8 6  1 5 4 5 4 8 0 -6 0 1 0-5
C S H  5 1 9 8 7  2 8 6 2 3 2 0-1 0-2 0-2
“B ased  011 (hu- i n s e r t / p a n i c l e  ac ro-s al l  s tages,  i .e . A' , .  A' ., .Vj, a n d  A' ,  — 1 in  r cyn -s s io n  i i i i i a n o n ; T n h lt  7 i ;  '1. a s e d  o n  n a t u r a l  in c r e a s e  ol  tin- i i i n ' d  in l i np i  otc<-teil | >!>>•-.
i.e. 1, ( li t , : w .  i-fi a n d  0-3 b u i^ s /p a n i c le  in u n p r o t e c t e d  p lo t s  n t  h a l f - a n th e s i s  {. V , j , c o m p l e t e a n l lu - ' i s  A m i l k  ;A"ii , ( lo in ' l l  'A ’ ,1 a n d  l i .u d -i l mil ' l l  i.V-.i M.isic-.
r e sp ec ti v e ly .  in  ('.SI 1 I » r  1 =  1123 -  1 1 ( )A M1 -  1-7.V,,., - ! M . V , , -  I 4 . V ,  ,  -1- 3-5.Yn ,  {i f f  r e g re s s io n  c o c l l i c i r n t s  m  1 iililr 7 = : ‘c o s t  b enef i t  r a t i o .  1:1
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be  b r e d  for  a  l oose  lo s e m i c o m p a c t  p a n i c l e ,  lo 
m i n i m i z e  losses d u e  to  h e a d  bugs .
E c o n o m i c  in j u r y  levels r a n g e d  f r o m  1-3 to 1-I- for  
C S H  1, f r o m  0-4 to 0-6 for  I C S V  1, a n d  f r o m  0-2 to 
0 -4  lo r  C S H  5. E I L s  b a s e d  o n  a  cos t—bene f i t  r a t i o  
ol  1:1 a n d  (hose  c a l c u l a t e d  b y  N o r t o n ' s  f o r m u l a  
( N o r t o n ,  1976) w e r e  c losely c o m p a r a b l e .
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